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Adler-Bell-Jackiw chiral anomaly is a representative feature arising from the 
topological nature in topological semimetal. We report the first experimental 
observation of giant planar Hall effect in type-II Weyl semimetal WTe2. Our 
comprehensive analyes of the experimental data demonstrate that the detected planar 
Hall effect is originated from the chiral anomaly of Weyl fermions. Unlike the 
somewhat elusive negative magnetoresistance, the planar Hall effect is robust and easy 
to be detected in type-II Weyl semimetal. This work reveals that the planar Hall effect 
is an effective transport probe to determine the topological nature of topological 
semimetals, especially in type-II Weyl semimetals. 
 
I. INTRODUCTION 
Topological semimetals (TSMs) represent quantum materials that host crossing and 
linearly dispersive energy bands in momentum space [1-5], and attract accumulating 
interest due to their physical significance and potential technological applications. In 
Dirac semimetals, the band crossings (i.e., Dirac nodes) are protected by both inversion 
symmetry and time reversal symmetry [3-5]. When inversion or time reversal symmetry 
is broken, the Dirac points could be splitted into pairs of Weyl points and the Dirac 
semimetal becomes a Weyl semimetal [2, 3]. In recent years, a number of compounds 
have been theoretically predicted and experimentally demonstrated to be topological 
semimetals[4-12]. 
However, the experimental tools to probe and determine the topological semimetal 
states are always found very limited. When Dirac/Weyl points are close to the Fermi 
level, electrons behave like Dirac/Weyl fermions and some unusual phenomena emerge, 
such as small effective carrier mass, high carrier mobility, nontrivial Berry phase [13, 14], 
Fermi arcs[1, 7-10] and Adler-Bell-Jackiw chiral anomaly [15, 16]. Usually, cone-like 
structures (or Fermi arcs) observed in angle-resolved photoemission spectroscopy 
(ARPES), and chiral anomaly detected in transport measurements are solid evidence 
for the determination of TSM states. Chiral anomaly, originating from the non-
conservation of particle numbers under parallel electric and magnetic fields in TSMs 
[15-17], can induce negative magnetoresistance (NMR) [15, 16, 18], anomalous Hall effect 
[19, 20], and nonlocal transport [21]. The chiral anomaly induced NMR has been claimed 
as a valid approach to confirm the topological character in a number of TSMs, including 
Cd3As2 [17, 22], Na3Bi [23], ZrTe5 [24], TaAs [14], WTe2 [25], GdPtBi [26], etc. 
Generally speaking, TSMs have very large normal magnetoresistance, so the very 
small NMR may be concealed by a slightly imperfect misalignment of the magnetic 
field and the current in the sample, which makes the NMR confined within a narrow 
angular window. Moreover, the chiral anomaly induced conductance is inversely 
proportional to the square of chemical potential measured from the energy of 
Dirac/Weyl points. If the Dirac/Weyl points are far away from Fermi level, the chiral 
anomaly induced NMR will be too weak to be observed. Such two factors increase the 
difficulty in detecting the chiral anomaly induced NMR in TSMs, especially in type-II 
Weyl semimetals (e.g., WTe2 and MoTe2), where the NMR can only be observed along 
specific directions [12, 25] and in samples of special component [27]. Besides, the negative 
MR effect can also be induced by other mechanisms, such as current jetting [26], 
suppression of magnetic scattering [28], weak localization effect [29] and so on, which 
will reduce the validity of NMR measurements, so new tools to confirm the chiral 
anomaly in TSMs are required. 
Recently, it is proposed that a giant planar Hall effect (PHE) could occur in TSMs 
[30, 31]. The PHE is induced by the chiral anomaly and nontrivial Berry curvature, thus 
the PHE could be regarded as a solid transport signature of topological quantum states. 
As a matter of fact, the giant PHE phenomena have been experimentally revealed in 3D 
Dirac semimetal Cd3As2 and type-I Weyl semimetal GdPtBi [32-34]. Also note that the 
PHE can be realized in ferromagnetic metals [35], which arises from the interplay of 
magnetic order and spin-orbit interactions, but its value is very small. 
In this paper, we report the observation of PHE in type-II Weyl semimetal WTe2 [11, 
12, 25, 36]. Considering the nonmagnetic nature of WTe2, we can exclude the possibility 
of magnetic-origin of this PHE. The PHE can be reproducibly detected in the as-grow 
WTe2 single crystal. The PHE and anisotropic magnetoresistance (AMR) are well fitted 
by the formulas deduced from chiral anomaly, giving transport evidence of the 
topological nature in type-II Weyl semimetal. 
 
II. EXPERIMENTAL METHODS 
Single crystals of WTe2 were grown with Te flux. High-purity W and Te powder 
were placed in an alumina crucible sealed in an evacuated quartz tube. After the quartz 
ampoule was heated up to 1000C, the ampoule was cooled down to 600C at a rate of 
2C/h. The excess Te flux was removed by centrifugation at 600C. Finally we can get 
large and layered crystals with clean surface. The crystal structure and phase purity 
were checked by single crystal X-ray diffraction (XRD) on a Rigaku-TTR3 X-ray 
diffractometer using Cu Kα radiation. Thin plate of single crystals WTe2 were selected 
to perform the measurements. The longitudinal magnetoresistance (MR) and angle 
dependent planar Hall resistivity were taken on a Quantum Design PPMS. Standard 
four-probe technique was used to measure the longitudinal in-plane resistivity and Hall 
contacts were located on the transverse sides. The magnetic field was applied and 
rotated within the sample plane. 
 
III. RESULTS AND DISCUSSION 
The obtained WTe2 single crystal is of single phase and the naturally cleaved 
surface is the ab plane. In order to check the electronic properties, we take the 
temperature dependence of in-plane resistivity and longitudinal MR. As shown in Fig. 
1(a), the temperature dependent in-plane resistivity exhibits a relatively large residual 
resistivity ratio, i.e., R(300 K)/R(2 K)=165, indicating the high quality of the sample. 
Figure 1(b) shows the longitudinal MR measured at various temperatures, with the 
magnetic field applied perpendicular to the current and sample plane. The MR reaches 
up to 105% at 2 K and 14 T, without any sign of saturation, well reproducing the feature 
of extremely large MR [37]. For the curve taken at 2 K, clear Shubnikov–de Haas (SdH) 
oscillation signal can be detected when the applied magnetic field is larger than 5 T. 
After subtracting the non-oscillatory background from the MR data, the SdH 
oscillations are obtained, as shown in Fig. 1(c). Figure 1(d) shows the corresponding 
fast Fourier transformation (FFT) spectra at 2 K, in which several oscillation 
frequencies show up, i.e., 92 T (𝛾), 133 T (𝛼), 144 T (𝛽), 165 T (𝛿) and 277 T (𝛼 + 𝛽), 
similar to previous reports [38, 39]. 
In order to measure the PHE, we take the experimental setup as theoretical work 
describes [31]. As illustrated in Fig. 2(a), the standard four-probe technique is used to 
measure the longitudinal in-plane resistivity and Hall contacts are located on the 
transverse sides. The magnetic field is applied and rotates within the ab plane. 𝜃 is 
defined as the angle of magnetic field with respect to electric current. The angle 
dependence of planar Hall resistivity (𝜌𝑦𝑥 ) and anisotropic MR (𝜌𝑥𝑥 ) are taken at 
various fields and temperatures. Figure 2(b) shows the angular dependence of 𝜌𝑦𝑥 at 
2 K and different fields, which is the average of the data taken under positive and 
negative fields. It is found that as the magnetic field increases, a non-zero Hall 
resistivity emerges. Note that, however, in actual experimental setup the field is not 
always strictly in the crystal plane, which causes a small angle (𝛿) between the field-
sweeping plane and crystal plane. Also, the Hall contacts are not perfectly symmetrical. 
Such two misalignments will induce a normal Hall resistivity and a small normal 
longitudinal resistivity in the measured Hall resistivity. The normal Hall resistivity has 
an angular dependence of sin𝜃, which would be cancelled by the averaged data of 
positive and negative fields. For a very small 𝛿, the included small normal longitudinal 
resistivity has an angular dependence of sin2(𝜃 + 𝛿) , considering that normal 
magnetoresistance has a quadratic field dependence. This term cannot be removed by 
data processing. However, noting that it is symmetrical for positive and negative fields, 
it is unlikely to account for the odd function type of measured 𝜌𝑦𝑥. Another distinct 
feature of 𝜌𝑦𝑥 is the angular period of π. Thus, we suggest that the measured 𝜌𝑦𝑥 is 
an intrinsic property of WTe2. 
The PHE is a well-known phenomenon in ferromagnetic metals, which usually has 
a very small value and originates from the interplay of magnetic order and spin-orbit 
interactions. Considering the nonmagnetic nature of WTe2, we exclude the possibility 
of any magnetic-origin of the PHE. We now demonstrate that the obtained giant PHE 
is due to the chiral anomaly, one nontrivial property arising from its topological nature. 
The PHE in TSMs is the appearance of a large transverse voltage when the in-plane 
magnetic field is not aligned with the current, which is formulated as [31] 
 𝜌𝑦𝑥 = −∆𝜌𝑐ℎ𝑖𝑟𝑎𝑙sin𝜃cos𝜃, 𝜌𝑥𝑥 = 𝜌⊥ − ∆𝜌𝑐ℎ𝑖𝑟𝑎𝑙cos
2𝜃, (1) 
where ∆𝜌𝑐ℎ𝑖𝑟𝑎𝑙 = 𝜌⊥ − 𝜌∥  is the chiral anomaly induced resistivity anisotropy, 𝜌⊥ 
and 𝜌∥ are the resistivity corresponding to the current flow perpendicular to and along 
the direction of magnetic field, respectively. In order to reveal the underlying 
information, we use the chiral anomaly model to fit the PHE data in Fig. 2(b). With or 
without a normal longitudinal resistivity term, both methods are tried and give nearly 
identical fitting results, suggesting that the misalignments mentioned above are 
negligible in our measurements. The solid red curves in Fig. 2(b) represent the fittings 
to the formula of 𝜌𝑦𝑥. The experimental data and fitted data agree with each other very 
well, which means that the measured PHE in WTe2 is originating from the chiral 
anomaly. 
In order to check the temperature dependence of PHE, we carry out the PHE 
measurements at various temperatures under 14 T. Generally speaking, the chiral 
anomaly in TSMs is insensitive to temperature, which may be persistent to very high 
temperature. As shown in Fig. 2(c), the PHE can be seen up to 200 K, which is 
consistent with the behavior of chiral anomaly induced NMR in TSMs [14, 25]. Figure 
2(d) presents the temperature dependence of ∆𝜌𝑐ℎ𝑖𝑟𝑎𝑙 . The gradual decrease of 
∆𝜌𝑐ℎ𝑖𝑟𝑎𝑙 reflects the influence of thermal fluctuation. 
According to the theory of chiral anomaly induced PHE, the AMR 𝜌𝑥𝑥  is 
particular in TSMs, as described in Eq. (1). We measure the angular dependence of 𝜌𝑥𝑥 
at 2 K under various fields. As shown in Fig. 3(a), as the field increases, a pronounced 
longitudinal resistivity is observed, with a period of π. Solid red curves represent the 
fittings using Eq. (1). Here, we neglect the small normal longitudinal resistivity that is 
due to the possible small angle 𝛿 between the field-sweeping plane and the sample 
plane. Again, the experimental data can be fitted well, which means that the 
experimental misalignments in our measurements are small and the resistivity 
anisotropy induced by chiral anomaly is prominent. The field dependence of fitting 
parameters at 2 K are shown in Fig. 3(b). The obtained ∆𝜌𝑐ℎ𝑖𝑟𝑎𝑙 and 𝜌⊥ both increase 
with field, and ∆𝜌𝑐ℎ𝑖𝑟𝑎𝑙 contributes most of 𝜌⊥ (𝜌⊥ = ∆𝜌𝑐ℎ𝑖𝑟𝑎𝑙 + 𝜌∥), suggesting that 
𝜌∥ is nearly zero at 2 K. 
Figure 3(c) shows the angular dependence of 𝜌𝑥𝑥 at 14 T for various temperatures, 
and the fitting parameters as the function of temperature are summarized in Fig. 3(d). 
As the temperature increases, the resistivity anisotropy becomes weaker, consistent 
with the temperature dependence of ∆𝜌𝑐ℎ𝑖𝑟𝑎𝑙 in Fig. 2(d). This means that  the AMR 
and PHE in topological semimetals share the same mechanism, i.e., chiral anomaly, 
confirming the topological nature of WTe2. Moreover, the difference of 𝜌⊥  and 
∆𝜌𝑐ℎ𝑖𝑟𝑎𝑙 (i.e., 𝜌∥) gradually increases with temperature, until approaches the value of 
𝜌⊥ at high temperature. 
 
IV. CONCLUSIONS 
In conclusion, we report the PHE in a type-II Weyl semimetal for the first time, 
WTe2. The measured AMR and PHE can be well fitted by the formulas deduced from 
chiral anomaly. Our experiment demonstrates that the chiral anomaly is robust existing 
in WTe2. Our work provides new evidence for the topological semimetal state of WTe2, 
and confirms that the PHE is a universal and powerful tool to determine the topological 
nature of TSMs. 
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Fig. 1. (a) Temperature dependence of in-plane resistivity. (b) Magnetoresistance 
measured at different temperatures, with the magnetic field applied perpendicular to the 
current and sample plane. (c) SdH oscillations at 2 K, obtained by subtracting the non-
oscillatory background from the MR data. (d) FFT spectra of the SdH oscillations in 
(c). 
 
 Fig. 2. (a) Schematic illustration for the PHE measurement geometry. Standard four-
probe technique is used to measure the longitudinal in-plane resistivity and Hall 
contacts are located on the transverse sides. The magnetic field is applied and rotates 
within the sample plane. 𝜃 is defined as the angle of magnetic field with respect to 
electric current. (b) Angle dependence of 𝜌𝑦𝑥 taken at 2 K for various fields. (c) Angle 
dependence of 𝜌𝑦𝑥 taken at 14 T for various temperatures. Solid red curves represent 
the fittings to chiral anomaly formula. (d) Temperature dependence of ∆𝜌𝑐ℎ𝑖𝑟𝑎𝑙 at 14 
T obtained from the fitting results in (c). 
 
 Fig. 3. (a) Angle dependence of 𝜌𝑥𝑥 taken at 2 K for various fields. Solid red curves 
represent the fittings to chiral anomaly formula. (b) Field dependence of ∆𝜌𝑐ℎ𝑖𝑟𝑎𝑙 and 
𝜌⊥ at 2 K obtained from the fitting results in (a). (c) Angle dependence of 𝜌𝑥𝑥 taken 
at 14 T for various temperatures. (d) Temperature dependence of ∆𝜌𝑐ℎ𝑖𝑟𝑎𝑙 and 𝜌⊥ at 
14 T obtained from the fitting results in (c). 
